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(54) Anti-fouling release coating composition and coated articles 

(57) The present invention provides a resinous 
composition for a foul releasing coat adhesion contain- 
ing a silica dispersed oligomer solution of an organosi- 
lane, an acrylic resin, a straight-chain polysiloxane diol. 
a silanc! group-containing polyorganosiloxane and a 
curing catalyst, and an article coated therewith. 
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Description 

The present invention relates to a resinous composition for a foul releasing coat and a coated article using the 
same. 

5 As a coating material for forming a durable coating film for the purpose of protecting the surface of a substrate such 

as an organic substrate such as a wood substrate, plastic substrate and the like; an inorganic substrate such as a glass 
substrate.an inorganic substrate for a constructicn material (for example, an inorganic cured body such as a concrete, 
slate, cement), metal substrate (for example, a steel plate such as stainless, non-ferrcus metal such as aluminium) and 
the like, there are known coating compositions obtained by hydrolytic polycondensation or partial hydrolytic poly- 

w condensation of a hydrolyzable organosiiane or a coating composition obtained by mixing a colloidal silica with the 
afore-said coating composition. 

For example, Japanese Patent Kokai Publications 2736/1976. 2737/1976, 130732/1 973 and 168470/1 988 propose 
a coating material comprising an organo aikoxysilane, a hydrolytic polycondensate and/or partial hydrolytic pclyconden- 
sate of the organo aikoxysilane and colloidal silica, the alkoxy group being converted to silanol by excess water. The 

15 coating film obtained by this coating material has superior weatherability and is excellent for substrate protection, how- 
ever, it has poor toughness due to a too high hardness (pencil hardness of no less than 9 H), and when the thickness 
of the coating film is no less than 1 0 j.im, cracking easily will be formed if rapid change in temperature occurs in thermal- 
curing or outdoor use. Further, in the coating process, the thickness of the coating film is often difficult to regulate to 
less than exactly 10 urn, and especially around coated surfaces or coated substances or at concave parts, the thickness 

20 of the coating film is liable to be over 10 um and inferior products are easily formed. Further, these coating materials 
require a heat treatment at a high temperature cf higher than about 100°C or long time heat treatment to obtain desired 
coating properties, therefore, when coating is applied to a substrate having shape where uniform heating is difficult, a 
substrate having large scale or a substrate inferior in heat resistance, or when heating is difficult such as coating work 
outdoors, the coating materials can not be used and the use thereof is restricted. Regarding a coating material having 

25 a composition obtained by removal of the colloidal silica from the above-mentioned coating material, there are problems 
such as a lack of film-shaping properties in coating and lowered strength of the coating film. 

Further, these compositions for coating have problems that the silanol obtained by hydrolysis of the aikoxysilane 
has a high reactivity, is gradually subjected to a condensation reaction even at ambient temperature, easily becomes 
gel and inferior in stability. Especially when a paint is going to be prepared by using said composition for coating as a 

30 vehicle and adding a pigment, the stability further deteriorates and it becomes impossible to prepare a paint. 

Japanese Patent Kokai Publication 168/1989 proposes a coating material in which immediately before coating a 
catalyst and water are added as a curing agent to a partial hydrolytic polycondensate of an aikoxysilane to convert the 
alkoxy group to a silanol hydroxy group. However, even this coating material has poor toughness, and cracking is easily 
formed in a coating film having a thickness of no less than 10 urn. This coating material has excellent storability and a 

35 paint prepared from the coating material and a pigment added is relatively stable, however this coating material requires 
heat treatment at a high temperature of higher than about 100°C or long time heat treatment to obtain desired coating 
properties, therefore, when the coating is applied to a substrate having a shape where uniform heating is difficult, a sub- 
strate having large scale or a substrate inferior in heat resistance, or when heating is difficult such as during coating 
work outdoors, the coating material can not be used and the use thereof is restricted. 

40 For the purpose of solving such defects, Japanese Patent Kokai Publication 268772/1988 proposes a coating 
material comprising a prepolymer mainly composed of a silicon atkoxide, a curing catalyst and water and curable 
around ambient temperature, however toughness has not improved, and processed after coating of a precoat-metal, 
processes after coating treatment of a polycarbonate plate and the like are impossible. Further, there are defects that 
coating properties and curing properties are poor and the curing properties of the coating material are apt to be influ- 

J5 enced by humidity. 

Further, Japanese Patent Kokai Publication 175338/1992 discloses a coating material comprising a partial hydro- 
lyzed oligomer of an organosiiane, a silanol group-containing polyorganosiloxane and a curing catalyst. This coating 
material has advantages that the coating properties and curing properties are improved, curing at room temperature is 
possible, and it is not influenced by humidity, however the toughness of the coating materiaJ is not sufficiently improved. 

so Taken together, the above facts demonstrate that a coating material comprising as a main component an orga- 
noalkoxysilane or a hydrclyzate of an crganoalkoxysilane provides a coating film which has high hardness, is difficult to 
be scratched and has excellent weatherability. However, this coating film is poor in stiffness and therefore cracking is 
apt to be formed in ihe coaiing process or in use, and this phenomenon is remarkable when the thickness of the film is 
no less than 10 urn. Further, this coating material requires baking at a high temperature of not lower than 100 & C, and 

55 though coating in a factory is possible, coating outdoors and at construction sites is difficult. And it is demerit that the 
ooating liquid has high reactivity and is pcor in storability. 

Further. :-ince the above-mentioned coating material is an inorganic coating material. Ihe coating film thereof is lia- 
ble to be inferior ;n adhesion to an organic substrate and an organic coating substrate. 
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There is also reported a resin carrying a hydrolyzable silane functional group and having as a main chain an 
organic resin such as acryl, polyester, epoxy, polyether, vinyl and the like (see Japanese Patent Kokai Publication 
287206/1993, 302007/1993 and the like). However, these resins are inferior in weatherability and hardness of the coat- 
ing film as compared with an inorganic resin containing as a main component an organoalkoxysilane, since the main 
chain thereof is composed of an organic resin. Further, also, Japanese Patent Kokai Publication 72928/1993 and 
178998/1993 propose a reactive resin having a polymerizabie acrylic functional group as a terminal or side chain and 
having a linear polysiloxane as a main chain. However, since the main chain is composed of a linear polysiloxane, 
excellent hardness of the resulting coating film is not obtained, and in some cases, this polysiloxane resin is a rubber 
elastomer and is not suitable as a resin for coating. 

The above-mentioned inorganic cured body such as a concrete, slate, cement and the like is a material excellent 
in heat resistance and endurance, however the inorganic cured body has disadvantages that if the surface thereof is 
not coated, the surface is impregnated with water, is easy to be fouled and is inferior in acid resistance. Further, the 
appearance of the non-coated body is not aesthetic. 

To supplement these defects, the surface of the inorganic substrate has been coated with an organic paint. How- 
ever, the coating film formed by an organic paint has the disadvantages that 1) it is poor in weatherability, 2) it is easily 
scratched due to low hardness, 3) it is inferior in adhesion to an inorganic substrate, and the like. 

Then, there has been tried the application of an inorganic coating material such as water glasses and the like in 
place of the organic material, however, a satisfactory coating material has not been obtained in that effluorescence gen- 
erates and it is porous. 

The present invention relates to a resinous composition for foul releasing coat comprising the following components 
(A), (B), (C). (D) and (E): 

component (A): 

a silica-dispersed oligomer solution of an organosilane obtained by partial hydrolysis of a hydrolyzable orga- 
nosilane represented by formula (I): 



wherein, R 1 is the same or a different substituted or unsubstituted monovalent hydrocarbon group having 1 to 
8 carbon atoms, m is an integer from 0 to 3, and X is a hydrolyzable group. 

in a colloidal silica dispersed in an organic solvent, water or mixture solvent thereof in the presence of water, 
component (B): 

an acrylic resin which is a copolymer of 

the first, the second and the third (meth)acrylate represented by formula (II): 



wherein in the first (meth)acrylate; R 2 is a hydrogen atom and/or methyl group, and R 3 is a substituted or 
unsubstituted monovalent hydrocarbon group having 1 to 9 carbon atoms; 

in the second (meth)acrylate, R 2 is as defined above, and R 3 is at least one group selected from the group con- 
sisting of an epoxy group, glycidyl group and a hydrocarbon group containing at least one of an epoxy group 
and glycidyl group; and 

in the third (meth)acrylate, R 2 is as defined above, and R 3 is a hydrocarbon group containing an alkoxy silyl 
group and/or silyl halide group; 

component (C): 

a linear polysiloxane diol represented by formula (III): 




(I) 



CH 2 =CR 2 (COOR 3 ) 



(ID 



HO(R' 



! 4 2 SiC) n H 



(III) 



wherein R 4 is the same or different monovalent hydrocarbon group and n is an integer of not less than 3, 



component (D): 



EP 0 851 009 A2 



w 



25 



55 



a polyorganosiioxane containing a silanol group in the molecule represented by formula (IV): 

R 5 a Si(OH) b O ( 4 . a -b)/2 

(IV) 

wherein R 5 is the same or different substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 
carbon atoms, and a and b are a number which respectively suffices 0.2 < a < 2, 0.0001 < b < 3 and a+b < 4 , 
and 

component (E): 
a curing catalyst. 



According to the present invention a resinous composition for foul releasing coat is provided, which can be cured 
by thermal acceleration at a low temperature of lower than 1 00°C and cured at ambient temperature, which is excellent 

is in adhesion to various substrates independent whether they are organic or inorganic, excellent in weatherability, can 
form a coating film where no cracking is formed at a thickness of thicker than 10 ^im due to excellent toughness (flexi- 
bility), can form a cured coating film having a hardness which is neither too high nor too low, can be optionally colored 
by adding a pigment since it can be used as a vehicle when processed to be a paint by adding a pigment and especially 
excellent in foul releasing effect on the surface of a substrate, and a coated article using the above-mentioned resinous 

20 composition. 

The present invention relates to a resinous composition for foul releasing coat comprising the following components 
(A), (B), (C), (D) and (E): 



component (A) : 

a silica-dispersed oligomer solution of an organosilane obtained by partial hydrolysis of a hydrolyzable orga- 
nosilane represented by formula (I): 

R 1 m SiX 4 . m (I) 

30 

wherein R 1 is the same or different substituted or unsubstituted monovalent hydrocarbon group having 1 to 3 
carbon atoms, m is an integer from 0 to 3, and X is a hydrolyzable group, 

in a colloidal silica dispersion in an organic solvent, water or mixture thereof in the presence of water. 
35 component (8) : 

an acrylic resin which is a copolymer of the first, the second and the third (meth)acrylate represented by for- 
mula (II): 

40 CH 2 =CR 2 (COOR 3 ) (II) 

wherein in the first (meth)acrylate R 2 is a hydrogen atom and/or methyl group, and R 3 is a substituted or unsub- 
stituted monovalent hydrocarbon group having 1 to 9 carbon atoms; 

in the second (meth)acrylate R 2 is as defined above, and R 3 is at least one group selected from the group con- 
45 sisting of an epoxy group, glycidyl group and a hydrocarbon group containing at least one of an epoxy group 

and glycidyl group; and 

in the third (meth)acrylate R 2 is as defined above, and R 3 is a hydrocarbon group containing an alkoxy silyl 
group and/or silyl halide group; 

so component (C) : 

a linear polysiloxane diol represented by formula (III): 

HO(R 4 ,SiO) n H (HI) 

wherein R 4 is the same or different monovalent hydrocarbon group, and n is an integer of 3 or more, 

component (D) : 
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a pclyorganosiloxane containing a silanol group in the molecule represented by formula (IV): 

R 5 ,Si(OH) b O {4 .,. b}/2 (IV) 

5 wherein R 5 is the same or different, substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 

carbon atoms, and a and b are a number which respectively suffices 0.2 5 a < 2, 0.0001 < b £ 3 and a+b < 4 ; 

component (E) : 

w a curing catalyst. 

In this text, the (meth)acrylate represents either an acryiate or a methacryiate or both of them. 
The above-mentioned component (B) preferably has a weight-average molecular weight from 1000 to 50000 in 
terms of a polystyrene. 

15 The amount to be blended of the above-mentioned component (B) in the resinous composition for a foul releasing 
coat of the present invention is preferably from 0.1 to 100 parts by weight based on 1C0 parts by weight of the total 
amount cf said components (A) and (O) in solid. 

The integer n in the above-mentioned formula (111) representing the afore-said component (C) is preferably in the 
range of 10 < n < 100. 

20 The amount to be blended of the above-mentioned component (C) in the resinous composition for foul releasing 
coat of the present invention is preferably from 0.1 to 100 parts by weight based on 100 parts by weight of the total 
amount of said components (A) and (D) in solid. 

The coated article of the present invention comprises a cured coating film of the resinous composition for a foul 
releasing coat of the present invention on the surface of a substrate. 

25 The above-mentioned substrate is selected from the group consisting of an inorganic substrate, an organic sub- 
strate and an organic coated substrate having an organic coating film on the surface of an inorganic substrate or an 
organic substrate. 

The silica-dispersed oligomer solution (A) used as the component (A) of the resinous composition for foul releasing 
coat is a main component of a base polymer having a hydrolyzable group (X) which is a functional group participating 

so curing reaction in formation of a cured coating film. This is obtained, for example, by adding one or more kinds of the 
hydrolyzable organosilane represented by the above-mentioned formula (I) to a colloidal silica dispersed in an organic 
solvent or water (including also a mixed solvent of an organic solvent and water), and by partially hydrolyzing the above- 
mentioned hydrolyzable organosilane with water (water contained in the colloidal silica and/or water added separately). 
The R 1 group in the hydrolyzable organosilane represented by the formula (I) is not particularly restricted if it is the 

35 same or different, substituted or unsubstituted monovalent hydrocarbon group having 1 to 8 carbon atoms, preferably 1 
to 5, and the example thereof may include an alkyl group such as a methyl group, ethyi group, propyl group, butyl group, 
pentyl group, hexyl group, heptyl group, octyl group and the like; a cycloalkyl group such as a cyclopentyl group, 
cyclohexyl group and the like; an aralkyl group such as a 2-phenylethyi group, 2-phenypropyl group, 3-phenypropyl 
group and the like; an aryl group such as a phenyl group, tolyl group and the like; an alkenyl group such as a vinyl group, 

4C allyl group and the like; a halogen-substituted hydrocarbon group such as a chloromethyl group, y-chloropropyl group, 
3,3,3-trifluorcpropyl group and the like; a substituted hydrocarbon group such as a y-methacryloxyprcpyl group, y-glyc- 
idoxypropyl group, 3,4-epoxycyclohexylethyl group, y-mercaptopropyl group and the like, and the like. Among them, an 
alkyl group having 1 to 4 carbon atoms and phenyl group are preferable since they are easy to synthesize and are easily 
available. 

45 In the above-mentioned formula (I), Ihe hydrolyzable group X is not particularly restricted, and the example thereof 
includes an alkoxy group, aceloxy group, oxime group, enoxy group, amino group, aminoxy group, amide group and ihe 
like. Among them, an alkoxy group is preferable since it is easily available and the silica-dispersed oligomer solution (A) 
of an organosilane is easy to prepare. 

The example of the above-mentioned hydrolyzable organosilane includes mono, di, tri or tetra functional (m in the 

50 formula (I) is an integer from 3 to 0 respectively) alkoxysilanes, acetoxysilanes, oximesilanes, enoxysilanes, aminost- 
lanes, aminoxysilanes, amidesiianes and the like. Among them, alkoxysilanes are preferable since they are easily avail- 
able and the silica-dispersed oligomer solution (A) of an organosilane is easy to prepare. 

Among the alkoxysilanes, particularly, as a tetraatkoxysilane in which m is 0, there can be exemplified tetramethox- 
ysilane, ietraethoxysilane and the like, and as an organotriaikoxysilane in which m is 1 , there can be exemplified meth- 

;5 yltrimethoxysiiane, methyltriethoxysilane, methyitriisopropoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, 
3,3,3-rrifluoroprcpyltrimethoxysilane and the like. And, as a diorganodiaikoxysilane in which m is 2, there can be exem- 
plified dimethyldimethoxysilane, dimethyldiethoxysilane, diphenyldimethoxysilane, diphenyldiethoxysilane, methylphe- 
nyidimethoxysilane and the like, and as a triorganodialkoxysilane in which m is 3, there can be exemplified 
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trimethylmethoxysilane. trimethylethoxysilane, trimethylisopropcxy silane, dimethyliscbutylmethoxysilane and the like. 
Further, an crganosilane compound generally called a silane coupling agent is included in the aikoxysilanes. 

Among the hydroiyzable organosilanes represented by the formula (I), no less than 50% by mo! t preferably no less 
than 60% by mol. more preferably no less than 70% by mol are a Afunctional one in which m is 1 . When the amount of 
5 the trifunctional one is less than 50% by mol, sufficient hardness of the coating film is not cbtained and dry curing prop- 
erty is liable to lower. 

The colloidal silica in the component (A) has the effect of increasing the hardness of the cured coating film com- 
posed of the resinous composition for foui releasing coat and of improving the smoothness and cracking resistance. As 
the colloidal silica, for example, there can be used a colloidal silica dispersible in water or non aqueous organic solvent 

to such as an alcohol and the like, though it is not particularly restricted. In general, such colloidal silica contains 20 to 50% 
by weight of silica as a solid component, and the amount of silica to be blended can be determined from this value. 
When a water dispersible colloidal silica is used, water existing as a component other than the solid component can be 
used for hydrolysis of the above-mentioned hydroiyzable organosilane and can be used as a curing agent for the res- 
inous composition for foul releasing coat. The water dispersible colloidal silica is usually prepared from a water glass, 

15 and easily available as a commercial product. Further, the organic solvent dispersible colloidal silica can be easily pre- 
pared by substituting an organic solvent for water in the above-mentioned water dispersible colloidal silica. Such 
organic solvent dispersible colloidal silica is also easily available as a commercial product similar to the water dispers- 
ible colloidal silica. In the organic solvent dispersible colloidal silica, the kind of the organic solvent in which the colloidal 
silica is dispersed is not particularly restricted, and the example thereof includes lower aliphatic alcohols such as meth- 
od anol, ethanol, iscpropanol, n-butanol, isobutanol and the like; ethylene glycol derivatives such as ethylene glycol, eth- 
ylene glycol monobutyl ether, ethylene glycol acetate monoethyl ether and the like; diethylene glycol derivatives such 
as diethylene glycol, diethylene glycol monobutyl ether and the like; and diacetone alcohol, and the like, and one or 
more than one selected from the group consisting of them can be used. In combination with these hydrophilic organic 
solvents, there can also be used toluene, xylene, ethyl acetate, butyl acetate, methyl ethyl ketone, methyl isobutyl 

25 ketone, methyl ethyl ketoxime and the like. 

In the component (A), the colloidal silica is contained in an amount preferably from 5 to 95 parts by weight, more 
preferably from 10 to SO parts by weight, further preferably from 20 to 85 parts by weight, as a silica based on 100 parts 
by weight in terms of silica calculated from the amount of hydroiyzable organosilane for formula (I). The amount con- 
tained is less than 5 parts by weight, desired hardness of the coating film is liable to be not obtained. On the other hand, 

30 when over 95 parts by weight, there may be caused disadvantages that the uniform dispersion of silica becomes difficult 
and the component (A) gels, hardening is disturbed and the like. 

The amount of water which is available in preparing the silica-dispersed oligomer solution (A) of an organo silane 
is not particularly restricted, and is for example in the range preferably from 0.001 to 0.5 mol, mere preferably from 0.01 
to 0.4 mol based on 1 mol equivalent of the hydroiyzable group (X) carried by the above-mentioned hydroiyzable organo 

35 silane. When the amount of water is less than 0.001 mol, there is a tendency that not sufficient partial hydrolyzate is 
obtained, and when over 0.5 mol, the partial hydrolyzate tends to become unstable. The method for partial hydrolysis 
is not particularly restricted, and, for example, a hydroiyzable organo silane and a colloidal silica may be mixed (when 
water is not contained at all or the necessary amount of water is not contained in the colloidal silica, water may be 
added and blended.). In this stage, though partial hydrolysis reaction progresses at ambient temperature, for accelera- 

40 tion of the partial hydrolysis reaction, the mixture optionally may be heated (for example, at 60 to 100°C), or a catalyst 
may be used. This catalyst is not particularly restricted, and there can be used, for example, one or more of organic 
acids or inorganic acids such as hydrochloric acid, acetic acid, silane halide, chloro acetic acid, citric acid, benzoic acid, 
dimethyl matonic acid, formic acid, propionic acid, glutaric acid, glycolic acid, maleic acid, malonic acid, toluene sulfonic 
acid, oxalic acid and the like. 

45 The pH value of the liquid component should be preferably from 2.0 to 7.0, more preferably from 2.5 to 6.5, further 
preferably from 3.0 to 6.0, to obtain the ability of the component (A) stably for a long time. When pH value is outside of 
such a range, especially under the condition that the amount of water to be used is no less than 0.3 mol per 1 mol of 
the hydroiyzable group (X), durability of the ability of the component (A) is remarkably liable to lower. When the pH value 
of the component (A) is outside of the above-mentioned range, if it is more acidic, the pH value may be regulated by 

so addition of a basic reagent such as ammonia, ethylenediamine and the like, if it is more basic, the pH may be regulated 
by addition of a acidic reagent such as hydrochloric acid, nitric acid, acetic acid and the like. However, the regulation 
method is not particularly restricted. 

The acrylic resin (B) used as the component (B) contained in the resinous composition for foul releasing coat has 
the effect of improving the toughness cf the cured coating film composed of the resinous composition for foul releasing 

55 coat, and by this effect prevents the occurrence of cracking to make thickening possible. The acrylic resin (B) is taken 
in the condensation crossiinked material of the component (A) and component (D) which composes the three dimen- 
sional skeleton of the cured coating film composed of the resinous composition for foul releasing coat, and the acrylic 
resin (B) modifies the condensation crossiinked material. When the condensation crossiinked material is modified with 
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the acrylic resin, adhesion of the cured coating lilm composed of the resinous composition for foul releasing coat to a 
substrate is improved. 

The first (meth)acrylate which is one constituent monomer of the acrylic resin (B) is at least one of the (meth)acr- 
ylates represented by the formula (II) in which R 3 is a substituted or unsubstituted monovalent hydrocarbon having 1 to 

5 9 carbon atoms, more preferably 1 to 5 carbon atoms, for example, an aikyl group such as a methyl group, ethyl group, 
n-propyl group, i-propyl group, n-butyl group, i-butyl group, sec-butyl group, tert-butyl group, pentyl group, hexyl group, 
heptyl group, octyl group and the like; a cycloalkyl group such as a cydopentyl group, cyclohexyl group and the like; an 
aralkyl group such as a 2-phenylethyl group, 2-phenyipropyl group, 3-phenylpropyl group and the like; an aryl group 
such as a phenyl group, tolyl group and the like; a hydrocarbon halide group such as a chloromethyl group, y-chloropro- 

w pyl group, 3,3,3-trif luoropropyl group and the like; a hydroxyhydrocarbon group such as a 2-hydroxyethyl group and the 
like, and the like. 

The second (meth)acrylate which is another constituent monomer of the acrylic resin (B) is at least one of the 
(meth)acrylates represented by the above-mentioned formula (II) in which R 3 is at least hydrocarbon group selected 
from the group consisting of a epoxy group, glycidyl group and hydrocarbon group containing at least one ol them (for 
is example, y-glycidoxypropyl group and the like). 

The third (meth)acrylate which is still another constituent monomer of the acrylic resin (B) is at least one of the 
(meth)acrylates represented by the above-mentioned formula (II) in which R 3 is a hydrocarbon group containing an 
alkoxysilyl group and/or silyl halide group, for example, a trimethoxysilylpropyl group, dimethoxymethylsilylpropyl group, 
monomethoxydimethylsilylpropyl group, triethoxysilylpropyl group, diethoxymethylsilylpropyl group, ethoxydimethylsilyl- 
20 propyl group, trichiorosilylpropyl group, dichloromethylsilylpropyl group, chlorodimethylsiiylpropyl group, chlorodimeth- 
oxysilyiprcpyl group, dichloromethoxysilylprcpyl group and the like. 

The acrylic resin (B) is a copolymer of (meth)acrylates comprising at least each one of the above-mentioned first, 
second and third (meth)acrylates respectively, namely at least three esters in total, and may be a copolymer containing 
additionally one or more selected from the above-mentioned first, second and third (meth)acrylates or one or more 
25 selected from (meth)acrylates other than the above-mentioned (meth)acrylates. 

The above-mentioned first (meth)acrylate is an essential component to improve toughness of the cured coating film 
of the resinous composition fora foul releasing coat, and further has the effect of improving compatibility between the 
component (A) and the component (D). Therefore, it is desirable that the substituted or unsubstituted hydrocarbon 
group R 3 has a volume no less than a certain level and contains no less than two carbon atoms. 
30 The second (meth)acrylate is an essential component to improve adhesion of the cured coating film of the resinous 
composition for foul releasing coat to a substrate. 

The third (meth)acrylate forms chemical bonds between the acrylic resin (B) and the component (A) and the com- 
ponent (D) in curing the coating film of the resinous composition for foul releasing coat, and thus the acrylic resin (B) is 
fixed in the cured coating film. Also, the third (meth)acrylate has the effect of improving compatibility between the acrylic 
35 resin (B) and the component (A) and the component (D). 

The molecular weight of the acrylic resin (B) is strongly connected with the compatibility between the acrylic resin 
(B) and the component (A) and the component (D). Therefore, the acrylic resin (B) has a weight-average molecular 
weight in terms of a polystyrene preferably from 1000 to 50000, more preferably from 1000 to 20000. When the weight- 
average molecular weight in terms of a polystyrene of the acrylic resin (B) is over 50000, there may occur phase sepa- 
40 ration and whitening of the coating film. When the above-mentioned molecular weight is less than 1000, there is a ten- 
dency that toughness of the coating film lowers and cracking occurs. 

It is desirable that the amount of the second (meth)acrylate is no less than 2%, more preferably about 5% in terms 
of the mol ratio of a monomer in a copolymer. When the amount is less than 2%, adhesion of the coating film is liable 
to be insufficient. 

45 It is desirable that the amount of the third (meth)acrylate is in the range of 2 to 50% more preferably 5 to 30% in 
terms of the mol ratio of a monomer in a copolymer. When the amount is less than 2%, compatibility between the acrylic 
resin (B) and the component (A) and the component (D) is inferior, and the coating film may whiten. On the other hand, 
when over 50%. bond density between the acrylic resin (B) and the component (A) and the component (D) becomes 
too high, and there is a tendency that improvement of toughness is not observed which is the original object of the 

so acrylic resin. 

As the synthesis method of the acrylic resin (B), there can be used a known one, for example, a radical polymeri- 
zation, an anion polymerization or a cation polymerization by a suspension polymerization, an emulsion polymerization 
or a solution polymerization in an organic solvent, however, the method is not limited to them. 

In the radical polymerization method by a solution polymerization, for example, the above-mentioned first, second 
55 and third (meth)acrylate monomer are dissolved in an organic solvent in a reaction vessel, a radical polymerization ini- 
tiator is further added, and the polymerization is conducted by heating under nitrogen flow according to a known 
method. The organic solvent used here is not particularly restricted, and there may be used, for example, toluene, 
xylene, Bthyi acetate, butyl acetate, methyl ethyl ketone, methyl iscbutyl ketone, ethylene glycol monobutyl ether, dieth- 
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ylene glycol moncbutyl ether, ethylene glycol acetate monoethyl ether and the like. The radical polymerization initiator 
is not particularly restricted, and there may be used, for example, cumene hydroperoxide, tertiary butyl hydroperoxide, 
dicumyl peroxide, di tertiary butyl peroxide, benzoyl peroxide, acetyl peroxide, lauroyl peroxide, azobisiscbutyronitrile, 
hydrogen peroxide-Fe 2+ salt, persulfate-NaHS0 3 . cumene hydroperoxide- Fe 2+ salt, benzoyl peroxide-dimethytaniline. 

5 peroxide-triethylatuminium and the like. For the regulation of the molecular weight, a chain transfer agent can also be 
added. The chain transfer agent is not particularly restricted, and there may be used, for example, quinones such as 
monoethylhydroquinone. p-benzoquinone and the like; thiols such as mercaptoacetic acid-ethyl ester, mercaptoacetic 
acid-n-butyl ester, mercaptoacetic acid-2-ethylhexyl ester, mercaptocyclohexane, mercaptocyclopentane. 2-mercapto 
ethanol and the like; thiophencls such as di-3-chlorobenzene thiol, p-toluene thiol, benzene thiol and the like; thiol deriv- 

to atives such 7 -mercaptopropyttrimethoxysilane and the like; phenylpicrylhydrazine; diphenylamine; tertiary butyl cate- 
chol and the like. 

In the resinous composition for foul releasing coat, the amount to be blended of the acrylic resin (B) is not particu- 
larly restricted, and is, for example, preferably from 0.1 to 100 parts by weight, more preferably from 1 to 90 parts by 
weight, further preferably from 5 to 80 parts by weight based on 100 parts by weight of the total solid component amount 
15 of said' components (A) and (D). When the amount is less than 0.1 part by weight, there is a tendency that toughness 
becomes weak. When over 100 parts by weight, cure inhibition of the coating film is liable to be caused. 

The linear polysiloxane diol (C) which is used as the component (C) of the resinous composition for foul releasing 
coat is a component which has the effect that 1) it improves cracking resistance of the coating film by imparting tough- 
ness to the cured coating film of the composition, 2) it imparts water repelling properties to the surface of the cured coat- 
20 ing film of the composition such that the surface of the coating film is difficult to be fouled with stain and even if the 
surface is fouled with stain, the stain is easily removed (release foul from the surface of the coating film), and the like. 

In the above-mentioned formula (111) representing the linear polysiloxane diol (C). R 4 is not particularly restricted if 
it is a monovalent hydrocarbon group, and, for example, the same group can be used as described above for R 1 in the 
above-mentioned formula (I). Among linear polysiloxane diols having sugh R 4 group, dimethylsiloxane diol and methyl- 
25 phenylsiloxane diol are preferred for imparting excellent water repelling property to the cured coating film composed of 
the resinous composition for foul releasing coat. 

The linear polysiloxane did (C) is a molecule relatively poor in reactivity, since it does not have a reaction group 
other than a terminal OH group. As a result, the linear polysiloxane diol (C) blended in the resinous composition for foul 
releasing coat is lacking in complete compatibility in the composition and dispersed as a ultrafine particle, therefore, it 
so is easily oriented on the surface of the coating film to form a monomolecular layer, and finally, a silanol group which is 
a terminal reactive group is subjected to a condensation reaction with a bulk resin and is fixed on the surface of the coat- 
ing film. As a result, the siloxane bond is localized in high density on the surface of the cured coating film, and the cured 
coating film of the resinous composition for foul releasing coat can be endowed with excellent water repelling property 
for long period. Since the linear polysiloxane diol in which n in the above-mentioned formula (III) is relatively small is 
35 excellent in compatibility, it not only forms a layer on the surface of the coating film but also is taken in the bulk to impart 
elasticity and toughness to the cured coating film, also leading to a cracking inhibition effect. 

The integer in the above-mentioned (HI) is preferably in the range of 10 < n < 100, more preferably in the range of 
10 < n < 50, and further preferably in the range of 20 < n < 40. When n is less than 10. the effect of improving water 
repelling property is inclined to lower. When n is over 100, there is a tendency that relative bonding strength between 
40 the linear polysiloxane diol (C) and the bulk coating film lower, no fixing is maintained on the surface of the cured coating 
film for a long period, and water repelling property is lost with time. 

The amount of the linear polysiloxane diol (C) in the resinous composition for foul releasing coat is not particularly 
restricted, and it is, for example, preferably from 0.1 to 100 parts by weight, more preferably from 1 to 90 parts by weight, 
further preferably from 2 to 30 parts by weight based on 100 pans by weight of the total solid amount of said compo- 
45 nents (A) and (D). When the amount is less than 0. 1 part by weight, there is a tendency that water repelling property is 
weakened. When over 100 parts by weight, cure inhibition of the coating film is liable to be caused. 

The silanol group-containing potyorganosiloxane (D) used as the componenl (D) of the resinous composition for 
foul releasing coat is a crossiinking agent which conducts condensation reaction with the component (A) which is a 
base polymer having a hydrolyzabie group as a functional group which participates curing reaction, to form three 
so dimensional crosslinks in the cured coating film, and is a component to absorb strain due to curing shrinkage of the 
component (A) for preventing occurrence of cracking. 

The group R 5 in the above-mentioned formula (IV) representing the silanol group-containing poiyorganosiloxane 
(D) is not particularly restricted and the same group as R 1 in the above-mentioned formula (I) is exemplified, and it is 
preferably an -alky I group having 1 to 4 carbon atoms, phenyl group, vinyl group, substituted hydrocarbon group such as 
55 7-glycidoxypropyl group. 7-methacryloxypropyl group, v-aminopropyl group, 3,3.3-trifluoropropyl group and the like, more 
preferably methyl group and phenyl group. Further, in the above-mentioned formula (IV), a and b are respectively 3 
number which suffices the above-mentioned relation, and when a is less than 0.2 or b is over 3, there are disadvantages 
that cradling occurs on the cured coating film and the like. And. when a is not less than 2 and not more than 4, or b is 
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less than 0.0001, curing does not progress successfully. 

The silanol group-containing polyorganosiloxane (D) is not particularly restricted, and it can be obtained, for exam- 
pie, by hydrolysis of one or more of methyltrichlorosilane, dimethy'dichlorosilane, phenyltrichlcrosilane, diphenyldichlo- 
rosilane or corresponding alkoxysilanes, with a plenty of water in a known method. When hydrolysis is conducted using 

5 an alkoxysilane in a known method for obtaining the silanol group-containing polyorganosiloxane (D), an alkoxy group 
which is not hydrolyzed may remain in a small amount. Namely, in some cases, there is obtained a polyorganosiloxane 
in which a silanol group and an extremely small amount of alkoxy group coexist, and, in the present invention, such a 
polyorganosiloxane may be used without problem. 

The ratio of the component (A) to the component (D) in the resinous composition for foul releasing coat is not par- 

to ticularly restricted, and it is, for example, preferably 1 to 99 parts by weight of the component (A) to 99 to 1 part by 
weight of the component (D), more preferably 5 to 95 parts by weight of the component (A) to 95 to 5 parts by weight 
of the component (D), and more preferably 10 to 90 parts by weight of the component (A) to 90 to 10 parts by weight of 
the component (D) in solid (the total amount of the components (A) and (D) is 100 parts by weight in solid). When the 
amount of the component (A) is less than 1 part by weight, there is a tendency that the curing property is inferior and 

is sufficient hardness of the coating film is not obtained. On the other hand, v/hen the amount of the component (A) is over 
99 parts by weight, curing property is unstable and excellent coating film may net be obtained. 

The curing catalyst (E) used as the component (E) of the resinous composition for foul releasing coat is a compo- 
nent which accelerates condensation reaction of the component (A) and the component (D) and cures the coating film. 
The example of the curing catalyst (E) is not particularly restricted, and includes, for example, alkyltitanates; metal car- 

20 boxyiates such as tin octylate. dibutyl tin dilaurate. dicctyl tin dimaleate and the like; amine salts such as dibutylamine- 
2-hexoate t dimethylamine acetate, ethanolamine acetate and the like; a quaternary ammonium carboxylate such as 
tetramethylammonium acetate and the like; amines such as tetraethylpentamine and the like; amine based silane cou- 
pling agent such as N-p-aminoethyt-y-aminopropyltrimethoxysilane, N-p-aminoethyl-/-aminoprcpylmethy!dimethoxysi- 
lane and the like; acids such as p-toluene sulfonic acid, phthalic acid, hydrochloric acid and the like; an aluminium 

25 compound such as aluminium atkoxide, aluminium chelate and the like; an alkaline metal salt such as lithium acetate, 
lithium formate, sodium formate, potassium phosphate, potassium hydroxide and the like; a titanium compound such as 
tetraisopropyl titanate, tetrabutyl titanate, titaniumtetraacetyl acetonate and the like; silane halides such as methyl- 
trichlorosilane, dimethyldichlorosilane, trimelhylmonochlorosilane and the like. However, the compound other than 
these compounds is not excluded if it is effective in accelerating condensation reaction of the component (A) and the 

30 component (B). 

The amount to be blended of the curing catalyst (E) in the resinous composition for foul releasing coat is not par- 
ticularly restricted, and it is, for exampie, preferably in the range of 0.0001 to 10 parts by weight, more preferably in the 
range of 0.0005 to 8 parts by weight and further preferably in the range of 0.0007 to 5 parts by weight based on 100 
parts by weight of the total amount of said components (A) and (D) in solid. When the amount of the component (E) is 
35 less than 0.0001 part by weight, there is a tendency that the curing property lowers and sufficient hardness of the coat- 
ing film is not obtained. On the other hand, when the amount of the component (E) is over 10 parts by weight, there are 
fears that the heat resistance of the cured coating film lowers and cracking is caused due to too high hardness of the 
cured coating film. 

A preferable formulation of the resinous composition for foul releasing coat is: 

40 

Component (A) 20% to 35% more preferably 25% to 30% 
Component (B) 35% to 55% more preferably 40% to 50% 
Component (C) 5% to 25% more preferably 10% to 20% 
Component (D) 5% to 25% more preferably 10% to 20% 
<<5 Component (E) 0.5% to 3% more preferably 1% to 2% 

(In the above formulation the amount is expressed by percent by weight in solid) 

The amount of these components should be understood as approximate standards, which varies depending on the 
ratio of the colloidal silica and the hydrolyzable organosilane of formula (I) in the Component (A), the molar ratio of the 
so hydrolyzable organosilane of formula (I) and the polyorganosiloxane of the Component (D) and the number of functional 
group and molecular weight and so on. 

The amount of coliidal silica in the resinous composition of the present invention is preferably 1 to 40% by weight, 
mere preferably 5 to 30% by weight based on the total amount of solid in the resinous composition. If the amount of the 
colloidal silica is more than 40% by weight, there may be caused disadvantages that uniform dispersion of silica 
55 becomes difficult and component (A) gels, hardening is disturbed and the like. 

if it is iess than 1% by weight, desired hardness of the coating film is liable to be not obtained. 

The resinous composition for foul releasing coat may optionally contain a pigment. The pigment which can be used 
is not particularly restricted, and an appropriate pigment deludes, for example, an organic pigment such as carbon 
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black, quinacridone. naphthol red, cyanin blue, cyanin green, Hansa yellow and the like; an inorganic pigment such as 
titanium oxide, barium sulfate, red oxide, complex metal oxide and the like, and one or more compounds selected from 
the group consisting of them may be combined and used without problems. The dispersion method of the pigment is 
not particularly restricted, and may include usual methods, for example, a method in which a pigment powder is directly 

5 dispersed by a dinomill, paint shaker and the like. Then, a dispersant, dispersion aid, thickening agent, coupling agent 
and the like can be used. The amount to be added of the pigment is not particularly restricted since the hiding property 
differs depending on the kind of the pigment, and it is, for example, preferably from 5 to 100 parts by weight, more pref- 
erably from 5 to 80 parts by weight based on 100 parts by weight of the total amount of the components (A), (B), (C) 
and (D). When the amount to be added of the pigment is less than 5 parts by weight, hiding property is apt to be worse, 

w and when the amount to be added of the pigment is over 100 parts by weight, smoothness of the coating film may be 
worse. 

Further, a leveling agent, dye, meta! powder, glass powder, anti-fungus agent, antioxidant, antistatic agent, ultravi- 
olet absorber and the like may be contained in the resinous composition for foul releasing coat in an amount which does 
not have a bad influence on the effect of the present invention. 

is The resinous composition for foul releasing coat can optionally be diluted by various organic solvents and used for 
easiness of handling or may be one which has been diluted by the said organic solvent. The kind of the organic solvent 
can be selected depending on the kind of the monovalent hydrocarbon group contained in the components (A), (B), (C) 
and (D), or one the molecular weight of the components (A), (B), (C) and (D). Such an organic solvent is not particularly 
restricted, and may include, for example, lower aliphatic alcohols such as methanol, ethanol, isopropanol, n-butanol, 

20 isobutanol and the like; an ethylene glycol derivative such as ethylene glycol, ethylene glycol monobutyl ether, ethylene 
glycol acetate monoethyl ether and the like; a diethylene glycol derivative such as diethyl ene glycol, diethylene glycol 
monobutyl ether and the like; and. toluene, xylene, hexane, heptane, ethyl acetate, butyl acetate, methyl ethyl ketone, 
methyl isobutyl ketone, methyl ethyl ketoxime, diacetone alcohol and the like, and one or more than one selected from 
the group consisting of them can be used. The ratio to be diluted of the organic solvent is not particularly restricted, and 

25 optionally it may be suitably determined. 

The method for coating the resinous composition for foul releasing coat on a substrate is not particularly restricted, 
and there can be selected usual various coating methods such as printing brush coating, spray dipping, flow, roil, cur- 
tain, knife coat and the like. 

The method for curing the resinous composition for foul releasing coat coated on a substrate is not particularly 
30 restricted, and known methods may be used. Further, the temperature in curing is not particularly restricted, and it can 
be within a wide temperature range from ambient temperature to heated temperature depending on desired property of 
the cured coating film. 

The thickness of the cured coating film formed from the resinous composition for foul releasing coat is not particu- 
larly restricted and may be from around 0.1 to 100 urn. and preferably from 1 to 50 ^m especially for the cured coating 
35 film to stably adheres to and be supported by the substrate and for crack and peeling to be inhibited. 

The substrate on which the resinous composition for foul releasing coat of the present invention is coated and 
which is used for the coated article of the present invention is not particularly restricted, and includes an inorganic sub- 
strate, an organic substrate and an organic coated substrate with an organic coating film on either of these substrates. 
The inorganic substrate is not particularly restricted, and includes, for example, a metal substrate; a glass sub- 
40 strate; an enamel inorganic construction such as water glass decorative laminate and the like; ceramics, and the like. 
The metal substrate is not particularly restricted, and includes, for example, a non-ferrous metal [for example, alu- 
minium (JIS-H4000 and the like), aluminium alloy (duralumin and the like), copper, zinc, and the like], iron,. steel [for 
example, rolled shape (JIS-G3101 and the like), molten galvanized sheet (JIS-G3302 and the like), (rolled) stainless 
steel (JIS-G4304, JIS-G4305 and the like), and the like], iinplate (JIS-G3303 and the like), and the other metals on the 
45 whole (including alloy). 

The glass substrate is not particularly restricted, and includes, for example, a soda glass, a pyrex glass, a silica 
glass and the like. 

The above-mentioned enamel is a layer which is formed by baking a glassy enamel reagent on the surface of a 
metal. The base metal is not particularly restricted, and includes, for example, a mild steel sheet, steel sheet, cast iron, 
so aluminium and the like. The enamel reagent is usual one and is not particularly restricted. 

The water glass decorative laminate indicates, for example, a decorative laminate produced by coating sodium sil- 
icate on a cement substrate such as a slate and baking. 

The inorganic cured body is not particularly restricted, and includes, for example, substrates on the whole obtained 
by curing and molding an inorganic material such as a fiber-reinforced cement plate (JIS-A5430 and the like), ceramic 
55 industry type sizing (JIS-A5422 and the like), cemented excelsior board (JIS-A5404 and the like), pulp cement plate 
(JIS-A5414 and the iike), slate-cemented excelsior laminate (JIS-A5426 and the like), gypsum board product (JIS- 
A6901 and the like), clay roof tile (JIS-A5208 and the like), pressed cement roof tile (JIS-A5402 and the like), earthen- 
ware tile (JIS-A5209 and the iike), concrete block for construction (JIS-A54C6 and the like), terrazzo (JIS-A541 1 and the 
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like), prestressed concrete double T slab (JIS-A5412 and the like), ALC panel (JIS-A5416 and the like), hollow pre- 
stressed concrete panel (JIS-A651 1 and the like), normal roof tile (JIS-R1250 and the like), and the like. 

The conventional silicone coating is easily eroded by an alkali dissolved from a water glass decorative laminate and 
inorganic cured body, and long term endurance is not obtained, therefore, previous seal treatment on a substrate is nec- 
5 essary. When the resinous composition for foul releasing coat is used, there is a merit that long term endurance is 
obtained since the composition is difficult to be eroded by the alkali due to introduction of the above-mentioned acrylic 
resin (B). 

The ceramic substrate is not particularly restricted, and includes, for example, alumina, zirconia, silicon carbide, sil- 
icon nitride and the like. 

10 The organic substrate is not particularly restricted, and includes, for example, plastic, wood, paper and the like. 

The plastic substrate is not particularly restricted, and includes, for example, thermosetting plastics or thermoplas- 
tics such as a polycarbonate resin, acrylic resin, ABS resin, vinyl chloride resin, epoxy resin, phenol resin (polyethylene- 
terephthalate resin, polybutylene-terephthalate resin) and the like and fiber-reinforced plastics (FRP) obtained by rein- 
forcing these plastics with a fiber such as a glass fiber, nylon fiber, carbon fiber and the like. The resinous composition 
is for foul releasing coat of the present invention can be coated also on a relatively soft substrate such as a plastic, and 
there are obtained effects that scratching on the surface is prevented and foul can be easily released, since toughness 
of the resulting cured coating film is improved. 

The organic coating film constituting the organic coated substrate is not particularly restricted, and includes, for 
example, a cured coating film composed of a coating material containing an organic resin such as an acryl based, alkyd 
20 based, polyester based, epoxy based, urethane based, acryl silicon based, chlorinated rubber based, phenol based, 
melamine based resin and the like. 

The cured coating film composed of the resinous composition for foul releasing coat of the present invention is 
superior in adhesion to various substrates. To enhance the adhesion, a primer layer may optionally be pre-formed on 
the surface of the substrate before the cured coating film composed of the resinous composition for foul releasing coat 
25 is formed. The primer layer is not particularly restricted, and includes, for example, a cured resin layer composed of a 
primer composition containing at least one resin selected from the group consisting of an alkyd resin, epoxy resin, 
acrylic resin, acrylsilicon resin, chlorinated rubber resin, urethane resin, phenol resin, polyester resin and melamine 
resin in an amount of no less than 10% by weight, and the like. The thickness of the primer layer is not particularly 
restricted, but is preferably from 0.1 to 50 pm, more preferably from 0.5 to 10 pm. When the thickness is too thin, adhe- 
30 sion is not obtained, and when too thick, there is a fear that foaming is caused in drying. 

Here, a substrate having the organic primer layer as described above on the surface is included in the above-men- 
tioned organic coated substrate. 

The shape of the substrate is not particularly restricted, and includes, for example, film form, sheet form, plate form, 
fiber form and the like. Further, the substrate may be a constituted body partially comprising at least one of the materials 
35 in such forms or the molded body. 

The cured coating film obtained from the resinous composition for foul releasing coat of the present invention low- 
ers adhesion of foul and the like to the surface of a coated article having this coating film since the coating film has sur- 
face water repelling properties due to inclusion of the component (C). Therefore, the surface of this coated article is 
difficult to be adhered with foul and the like, and even if the foul and the like adheres to the surface of the coated article, 
to it is easily removed. 

The adhering material such as foul and the like of which adhesion property is lowered by the present invention is 
not particularly restricted, and includes various polluting materials, for example, dirt and dust in air, exhausted gas, tar 
of cigarette, graffiti, poster, oil and the like, and in addition to them, adhered materials concerning water, for example, 
pollution in water supplying system in a house, pollution mixed in rainwater, mud, snow, ice, aquatic organisms in sea 
as and river and the like (for example, narbacle, plankton, sea lettuce and the like). The present invention has a large adhe- 
sion lowering effect especially to aquatic organism among them. 

The resinous composition for foul releasing coat and the coated article therewith can be used, for example, in the 
following uses. 

so 1) Ship, marine construction and the like for which prevention of the adhesion of aquatic organisms is required, for 
example (example of a substrate), bottoms of general ships (steel plate), leisure boat (FRP), condenser tube of 
electric power plant (aluminium, iron and the like), and the other marine constructions. 

2) Automobile for which water repelling property is required; for example (example of a substrate), a body of a car 
(organic coated plate), front glass (glass), side mirror (glass), sun roof (polycarbonate), rolling stock of an electric 

55 railcar and the like (organic coated plate, stainless), masking film (plastic film) and the like. 

3) Prevention of ice accretion; for example (example of a substrate), a roof (inorganic construction material), wing 
of an airplane (special metai), and the like. 

4) Outdoor construction for which prevention of snow accretion is required; for example (example of a substrate), a 
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roof (inorganic construction materia!), electric wire (organic rubber), sign (organic coated plate, plastic film lami- 
nated steel plate), 3nd the like. 

5) Road tunnel and sound insulating wall of express-highway; for example (example of a substrate), an interior 
packaging plate of a tunnel (slate, concrete), guard rail (organic coated plate, galvanized steel plate), sound insu- 
lating wall (acryl, polycarbonate, state, concrete), sign (organic coated plate, plastic film laminated steel plate), road 
illumination pole (organic coated plate, glass cover), and the like. 

6) Around a range for which prevention of oily stain is required; for example (example of a substrate), a range hood 
(organic coated metal plate), arcund a range (stainless, enamel, tile), cover film (PET (polyethylene terephthalate). 
aluminium), closet door (plastic film laminated wood, plastic), range stand (marble, artificial marble), ventilation fan 
(plastic), kitchen illumination cover (acryl, polycarbonate, organic coated metal plate, glass), refrigerator cover (pre- 
coated steel plate. PET film), and the like. 

7) Genera! interiors for which prevention of tar pollution of cigarette is required; for example (example of a sub- 
strate), a wallpaper (polyvinyl chloride), blind (organic coated plate), illumination light (acryl, polycarbonate, glass), 
general electric product (precoated steel plate, plastic), and the like. 

8) The other objects in a house for which prevention of pollution is required; for example (example of a substrate), 
a bath (FRP), innerwall of bathroom (FRP steel plate, polyvinyl chloride steel plate), toilet (enamel), toilet seat 
(plastic), and the like. 

9) General outdoor constructions for which high surface endurance is required; for example (example of a sub- 
strate), an outerwall (inorganic construction material such as concrete, tile and the like, organic coated plate), gut- 
ter (polyvinyl chloride, stainless), tomb (granite), tent (polyvinyl chloride film), various vending machines (organic 
coated plate), the other general outdoor construction. 

10) Outdoor constructions for which prevention of graffiti and poster is required; for example (example of a sub- 
strate), bridge pier (steel plate, concrete), public toilet (concrete), outerwall (inorganic construction material such 
as slate, concrete and the like), public telephone box (glass, film for splash prevention), pole (metal coated plate, 
concrete), and the like. 

11) Objects for which high endurance and water repelling property are required; for example (example of a sub- 
strate), a fiber (various fibers), glazing (polycarbonate, acryl), cover of solar battery (glass), sports articles (FRP), 
and the like. 

12) Objects for which wax effect is required; for example (example of a substrate), a ski board (FRP). mold releas- 
ing material (metal), releasing paper (paper, plastic film), floor material (FRP. tile), and the like. 

The present invention further provides a method of prevention of foul on substrates by applying the resinous com- 
position cf the present invention on the substrates as aforementioned. The term "prevention" includes preventing the 
adhesicn of foul, and improving the reusability of foul from coating film on which fouls once adhered. 

EXAMPLES 

The following Examples and Comparative Examples further illustrate the present invention in detail. In Examples 
and Comparative Examples all "parts'* and "percents"are by weight unless otherwise stated. And the molecular weight 
was measured by GPC (gel permeation chromatography) using HLC 3020 available from iOSO Corp. as a measuring 
device and by preparing a calibration curve using standard polystyrene. The present invention is not restricted to the 
following Examples. 

3efore Examples and Comparative Examples, >he ingredients to be used were prepared as follows. 
PREPARATION OF COMPONENT (A) 
(Preparation Example A-1 > 

Into a flask equipped with a stirrer, heating jacket, condenser and thermometer were charged 100 parts of iscpro- 
panol dispersed colloidal silica sol IPA-ST (particle diameter 10 to 20 nm, solid component 30%. water content 0.5%, 
manufactured by Nissan Chemical Industries, Ltd.). 68 parts of methytrimethoxysilane and 10.8 parts of water, and par- 
tial hydrolysis was conducted at 65"C for about 5 hours with stirring before cooling to obtain a component (A-1). This 
component had a solid content of 36% when it was allowed to stand for 48 hours at room temperature. 
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Preparation condition of A-1 



> mol number of water per one mol of a hydrolyzable group 

• silica content of the component (A-1) 

» mol % of a hydrolyzable organosilane (m=1) 



0.4 

47.3% 
100% 



w 

(Preparation Example A*2> 

Into a flask equipped with a stirrer, heating jacket, condenser and thermometer were charged 100 parts of isopro- 
panol dispersed colloidal silica sol IPA-ST (particle diameter 10 to 20 nm, solid component 30%, water content 0.5%, 
75 manufactured by Nissan Chemical Industries, Ltd,), 68 parts of methytrimethoxysiiane, 13 parts of dimethyldimethox- 
ysilane, 2.7 parts of water and 0.1 part of acetic anhydride, and partial hydrolysis was conducted at 80°C for about 3 
hours with stirring before cooling to obtain a component (A-2). This component had a solid content of 36% when it was 
allowed to stand for 43 hours at room temperature. 

20 Preparation condition of A-2 



25 



> mol number of water per one rnol of a hydrolyzable group 

> silica content of the component (A-2) 

> mol % of a hydrolyzable organosilane (m=l) 



0.1 

40.2% 
77% 



30 PREPARATION OF COMPONENT (B) 
(Preparation Example B-1 ) 

In a flask equipped with a stirrer, heating jacket, condenser, dropping funnel, nitrogen gas introducing and discharg- 
es ing port and thermometer, a solution of 0.025 parts of azobisisobutyronitrile in 3 parts of toluene was added dropwise 
to a reaction solution obtained by dissolving 5.69 parts of n-butyl methacrylate (BMA), 1 .24 parts of trimethoxysilylpro- 
pyl methacrylate (SMA), 0.71 parts of glycidyl methacrylate (GMA) and further 0.784 parts of y-mercaptopropyltrimeth- 
oxysilane as a chain transfer agent into 8.49 parts of toluene under nitrogen flow, and the resulting mixture was reacted 
at 70°C for 2 hours. Sy this procedure, a 40% toluene soluiion of an acrylic resin having a weight-average molecular 
40 weight Mw of 1000 was obtained. This is referred to as 3-1. 

Preparation condition of B-1 



• monomer mol ratio 


3MA/SMA/GMA ■= 3/1/1 


• weight-average molecular weight 


1000 


* solid content 


40% 



(Preparation Example B-2) 

In a flask equipped with a stirrer, heating jacket, condenser, dropping funnel, nitrogen gas introducing and discharg- 
ing port and thermometer, a solution of 0.025 parts of azobisisobutyronitrile in 3 parts of toluene was added dropwise 
to a reaction solution obtained by dissolving 4.98 parts of n-butyl methacrylate (BMA), 2.48 parts of trimethoxysilylpro- 
pyl methacrylate (SMA), 0.71 parts of glycidyl methacrylate (GMA) and further 0.784 parts of 7-mercaptcpropyltrimeth- 
oxysilane as a chain transfer agent In 9.26 parts of toluene under nitrogen flow, and the resulting mixture was reacted 
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at 70°C for 2 hours. By this procedure, a 40% toluene solution of an acrylic resin having a weight-average molecular 
weight Mw of 1000 was obtained. This is referred to as B-2. 

Preparation condition of B-2 





• monomer mol ratio 


BMA/SMA/GMA = 7/2/1 


10 


• weight-average molecular weight 


1000 




• solid content 


40% 



(Preparation Example B-3 > 

15 

In a flask equipped with a stirrer, heating jacket, condenser, dropping funnel, nitrogen gas introducing and discharg- 
ing port and thermometer a solution of 0.025 parts of azobisisobutyronitrite in 3 parts of toluene was added dropwise 
to a reaction solution obtained by dissolving 5.69 parts of n-butyl methacrylate (BMA), 1 .24 parts of irimethoxysilyipro- 
pyl methacrylate (SMA), 0.71 parts of glycidyl methacrylate (GMA) and further 0.0392 parts of y-mercaptopropyltri- 
20 methoxysilane as a chain transfer agent in 8.49 parts of toluene under nitrogen flow, and the resulting mixture was 
reacted at 70°C for 2 hours. By this procedure, a 40% toluene solution of an acrylic resin having a weight-average 
molecular weight Mw of 12000 was obtained. This is referred to as B-3. 

Preparation condition of B-3 

25 





" monomer mol ratio 


BMA/SMA/GMA = 8/1/1 


30 


• weight- average molecular weight 


12000 




* solid content 


40% 



(Preparation Example B-4> 

35 

The same procedure as that of Preparation Example B-1 was conducted except that y-mercaptopropyltri methoxysi- 
lane (chain transfer agent) was not used at all in Preparation Example B-1 , to obtain a 40% toluene solution of an acrylic 
resin having a weight-average molecular weight Mw of 36000. This is referred to as B-4. 

40 Preparation condition of B-4 



• monomer mol ratio 


BMA/SMA/GMA = 8/1/1 


• weight- average molecular weight 


36000 


• solid content 


40% 



so (Comparative Preparation Example B-1 ) 

In a flask equipped with a stirrer, heating jacket, condenser, dropping funnel, nitrogen gas introducing and discharg- 
ing port and thermometer a solution of 0.025 parts of azobisisobutyronitrile in 3 parts of toluene was added dropwise 
to a reaction solution (containing no trimethoxysilylpropyl methacrylate (SMA) at all) obtained by dissolving 3.56 parts 
55 of n-butyl methacrylate (BMA), 3.55 parts of glycidyl methacrylate (GMA) and further 0.784 parts of y-mercaptopropylt- 
rimethoxysilane as a chain transfer agent in 7.79 parts of toluene under nitrogen flow, and the resulting mixture was 
reacted at 70°C for 2 hours. 3y this procedure, a 40% toluene solution of an acrylic resin having a weight-average 
molecular weight Mw of 1000 was obtained. This is referred to as comparative B-1. 



14 



EP 0 851 009 A2 

Preparation condition of comparative B-1 



• monomer mcl ratio 


BM/VSMA/GMA = 5/0/5 


• weight-average molecular weight 


1000 


• solid content 


40% 



(Comparative Preparation Example B-2> 

In a ffask equipped with a stirrer, heating jacket, condenser, dropping funnel, nitrogen gas introducing and discharg- 
ing port and thermometer a solution obtained by dissolving 0.025 parts of azobisisobutyronitrile in 3 parts of toluene 
was added dropwise to a reaction solution (containing no glycidyl methacrylate (GMA) at all) obtained by dissolving 
3.56 parts of n-butyl methacrylate (BMA), 6.20 parts of trimethoxysilylprcpyl methacrylate (SMA) and further 0.784 
parts of y-mercaptopropyltrimethoxysilane as a chain transfer agent in 1 1 .6 parts of toluene under nitrogen flow, and the 
resulting mixture was reacted at 70°C for 2 hours. By this procedure, a 40% toluene solution of an acrylic resin having 
a weight-average molecular weight Mw of 1000 was obtained. This is referred to as comparative 8-2. 

Preparation condition of comparative B-2 



• monomer moi ratio 


BMA/SMA/GMA = 5/5/0 


• weight-average molecular weight 


1000 


• solid content 


40% 



COMPONENT C 
(C-1 ) 

A linear dimethylpolysiloxane diol having a weight-average molecular weight Mw of 300 in which n in the above- 
described formula (III) is about 1 1 (average value). This is referred to as C-1. 

<C-2> 

A linear dimethylpolysiloxane diol having a weight-average molecular weight Mw of 3000 in which n in the above- 
described formula (III) is about 40 (average value). This is referred to as C-2. 

<C-3> 

A linear methylphenylpolysilcxane diol having a weight-average molecular weight Mw of 450 in which n in the 
above-described formula (III) is about 4 (average value). This is referred to as C-3. 

<C-4> 

A linear dimethylpolysiloxane diol having a weight-average molecular weight Mw of 7000 in which n in the above- 
described formula (III) is about 90 {average value). This is referred to as C-4. 

(Comparative C-i > 

A linear dimethylsilicone oil having a weight-average molecular weight Mw of 3000 in which both ends of the mol- 
ecule are composed of methyl croups (n is about ^0 (average value)). This is referred to as comparative C-1. 
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(Comparative C-2) 

A linear dimethylpolysiloxane diol which Is a dimeric compound in which n in the above-described formula (III) is 2: 
[HO((CH 3 ) 2 SiO) 2 H] 
s This is referred to as comparative C-2. 

PREPARATION OF COMPONENT (0) 

{Preparation Example D-1 ) 

w 

Into a flask equipped with a stirrer, heating jacket, condenser, dropping funnel and thermometer charged with 1000 
parts of water and 50 parts of acetone was added dropwise a solution containing 44.8 parts (0.3 mol) of methyltrichlo- 
rosilane, 38.7 parts (0.3 mol) of dimethyl dichlorosiiane and 84.6 parts (0.4 mol) of phenyltrichlorosilane in 200 parts of 
toluene under stirring to conduct hydrolysis. The stirring was continued for 40 minutes after completion of the dropping. 

15 The reaction solution was transferred into a separating funnel and allowed to stand still, then it was separated into two 
layers. The lower layer, hydrochloric acid solution was separated and removed, and water and hydrochloric acid remain- 
ing in the upper toluene solution of an crganopolysiloxana were stripped off under reduced pressure together with 
excess toluene to obtain a 60% toluene solution of a silanol group-containing polyorganosiloxane having a weight -aver- 
age molecular weight of about 3000. This is referred to as D-1. The silanol group-containing polyorganosiloxane in this 

20 D-1 was identified as a compound represented by formula (IV). 

(Preparation Example D-2) 

Into a flask equipped with a stirrer, heating jacket, condenser, dropping funnel and thermometer was charged a 
25 solution of 220 parts (1 mol) of meihyitriisopropoxysilane in 150 parts of toluene, and to the resulting solution was 
added dropwise 108 parts of 1% hydrochloric acid solution over 20 minutes, and methyltriisopropoxysilane was hydro- 
lyzed at 50°C under stirring. The stirring was continued for 40 minutes after completion of the dropping. The reaction 
solution was transferred into a separating funnel and allowed to stand still, then it was separated into two layers. The 
mixed solution of water and isopropyl alcohol of the lower layer containing a small amount of hydrochloric acid was sep- 
30 arated and removed, and hydrochloric acid remaining in the upper toluene solution of a resin was rinsed out with water, 
and toluene was further removed under reduced pressure before dilution with isopropyl alcohol, to obtain a 40% isopro- 
pyl alcohol solution of a silanol group-containing polyorganosiloxane having a weight-average molecular weight of 
about 2C00. This is referred to as D-2. The silanol grcup-containing polyorganosiloxane in this D-2 was identified as a 
compound of formula (IV). 

35 

COMPONENT (E) 

N-p-aminoethyl.y.aminopropylmethyidimeihoxysilane 

40 (Examples 1 to 11 and Comparative Examples 1 to 9) 

Components shown in Tables 1 to 4 were mixed in ratios shown in the same Tables, and all of the resulting mixtures 
were diluted by isopropano! such that each solid content was 20%, to obtain resinous compositions for foul releasing 
coat of respective Examples and comparative resinous compositions for coating of respective Comparative Examples. 

(Example 12) 

The component A-1 (50 parts), 30 parts of titanium oxide (R-320, manufactured by Ishihara Sangyo K.K.) and 30 
parts of glass beads (2 to 3 mmw) were mixed, and the mixture was ground for 1 hour by a paint-shaker. Then, the glass 
so beads were eliminated, and remaining components shown in Table 2 were added at any time, to obtain a resinous com- 
positions for foul releasing coat. 

The appearance of each resinous composition for foul releasing coat obtained was observed by naked eyes. The 
results are shown in Tables 1 to 4. 

55 (Examples 13 to 24 and Comparative Examples 10 to 17) 

The each composition obtained in Examples 1 to 12 and Comparative Examples 1 to 3 was coated on an alumin- 
ium test piece (commercial name: Alustar, manufactured by Nippon Test Panel Corp., dimension j50 mm x 70 mm .< 
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0.3 mm) by spray coating so that the thickness of the resulting cured coating film would be 10 urn or 50 jirn, and cured 
at a temperature of 150°C for 30 minutes for forming a coating film, to obtain a coated article of each Example and a 
comparative coated article of each Comparative Example. These coated articles were tested for coating film property 
by the following method. The results are shown in Tables 5 to 8. 

5 

(Evaluation of coating film property): 

Adhesion: Adhesion of coated film to a substrate was evaluated by cross cut adhesive tape {using cellophane tape) 
peeling test. 

w Hardness of coating film: According to pencil hardness test (according to JIS-K5400). 

Boiling water resistance (crack resistance): After the test piece was immersed in boiling tap water for 5 hours, the 
test piece was allowed to stand for 1 hour. The test piece without change in the appearance was evaluated as "good". 

Solvent resistance: A toluene swollen gauze was weakly pressed onto the coating film and the film was rubbed in 
100 cycles back and forth movement of the gauze. The test piece without change in the appearance was evaluated as 
75 "good". 

Release resistance of foul: The release resistance of foul to the coating film was measured by adhesive tape (using 
cellophane tape) peeling strength (in this case, the adhesive agent of the adhesive tape was used as a substitute for 
the foul (general Adhesive substance)). An adhesive tape with a width of 5 mm was applied on a portion of the coating 
film, then, one end of this tape was peeled off at an angle of 180° relative to the surface of the coating film and the peel- 
20 ing strength was measured (this measurement was conducted before and after the above-mentioned boiling water 
resistance test). When this strength is small, it is indicated that the pollution substance is easily removed from the sur- 
face of the coating film. 

Weatherability: The test piece was irradiated by a Sunshine Super Long Life Weather Meter (manufactured by 
SUGA SHIKENKI K.K., WEL-SUN-HC type) for 2500 hours. When no change was observed in the condition of the ccat- 
25 ing film, it was admitted excellent. 

As is apparent from Tables 5 to 8, the coating films composed of the resinous compositions for foul releasing coat 
of Examples are excellent in any of adhesion, hardness of the coating film, boiling water resistance (crack resistance), 
solvent resistance, adhesive strength of stain, and weatherability, as compared with those of Comparative Examples. 

so (Examples 25 to 32 and Comparative Examples 18 to 25 > 

The resinous compositions for foul releasing coat obtained in Example 2 and the comparative resinous composi- 
tions for coating obtained in Comparative Example 7 were respectively coated on various substrates by spray coating 
so that the thickness of the resulting cured coating film was 10 urn or 50 ( um, and the coated film was cured at a tem- 
35 perature of 80°C for 60 minutes for forming a coating film, and the resulting films were evaluated for coating film prop- 
erty (excepting hardness of the coating film and weatherability). 

The following substrates were used. 

Stainless plate: SUS304 plate (dimension 150 mm x 70 mm x 0.5 mm) 
40 Organic coated plate: thermal setting acrylic resin coated aluminium plate (dimension 150 mm x 70 mm x 2 mm) 
PC plate: polycarbonate plate (dimension 150 mm x 70 mm x 5 mm) 
Slate plate: fiber-reinforced cement plate (dimension 150 mm x 70 mm x 3 mm) 

An epoxy type sealer "Epolo E sealer" (manufactured by ISAMU Toryo K.K.) was used as a primer, if necessary. 
45 Though no special problem occurs in adhesion when no primer is used, if sufficient adhesion is required even after 
treatment in boiling water for 5 hours, it is desired to use a primer. 
The results are shown in Tables 9 to n . 

As is apparent from Tables 9 to 1 1 , the coating films composed of the resinous compositions for foul releasing coat 
of Examples are good in any of adhesion, boiling water resistance (crack resistance), solvent resistance and release 
50 resistance of foul, as compared with those of Comparative Examples, Irrespective of the kind of the substrate. 
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Table 2 





solid \ /o) 


amount of ingredients in composition (parts) 






Example 8 


Example 9 


Example 10 


Example 11 


Example 12 


A-1 


36 


50 


50 


50 


50 


50 


A-2 


36 


- 


- 


* 


- 


* 


B-1 


40 


108 


12 




24 


24 


B-2 


40 












B-3 


40 






* 




* 


B-4 


40 


* 




1.2 




- 


comparative B-1 


40 


* 




- 






comparative B-2 


40 


* 




- 




* 


C-1 


100 






9.6 


9.6 


9.6 


C-2 


100 


2.4 


2.4 


2.4 


2.4 


2.4 


C-3 


100 




44 








C-4 


100 






- 


0.24 




comparative C-1 


100 


- 








- 


comparative C-2 


100 












D-1 


60 


50 


50 


50 


50 


50 


D-2 


40 












E 


100 


4 


4 


2 


2 


2 


pigment 


100 










30 


appearance of 
composition 




colorless 
clear/no mud- 
diness/no 
phase separa- 
tion 


colorless 
clear/no mud- 
diness/no 
phase separa- 
tion 


colorless 
clear/no mud- 
din ess/no 
phase separa- 
tion 


colorless 
clear/no mud- 
diness/no 
phase separa- 
tion 


no precipita- 
tion of pigment 



Table 3 





solid (%) 


amount of ingredients in composition (parts) 






Comparative 
Example 1 


Comparative | Comparative 
Example 2 j Example 3 


Comparative 
Example 4 


Comparative 
Example 5 


A-1 


36 


50 


50 


50 


50 




A-2 


36 












B-1 


40 












B-2 


40 


24 


24 


24 




24 


B-3 


40 












B-4 


40 












comparative 3- 1 j 40 i 
t 1 : 


i 
I 
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Table 3 (continued) 





solid (%) 


amount of ingredients in composition (parts) 






Comparative 
Example 1 


Comparative 
Example 2 


Comparative 
Example 3 


Comparative 
Example 4 


Comparative 
Example 5 


comparative B-2 


40 


- 


- 


* 


■ 


* 


C-1 


100 


9.6 


9.6 


- 


9.6 


9.6 


C-2 


100 


2.4 


2.4 


- 


2.4 


2.4 


C-3 


100 


- 


- 


- 


- 


- 


C-4 


100 












comparative C-1 


100 












comparative C-2 


100 












D-1 


60 


50 




50 


50 . 


50 


D-2 


40 












E 


100 




2 


2 


2 


2 


pigment 


100 












appearance of 
composition 




colorless 
clear/no mud- 
diness/no 
phase separa- 
tion 


colorless 
clear/no mud- 
diness/no 
phase separa- 
tion 


colorless 
clear/no mud- 
diness/no 
phase separa- 
tion 


colorless 
clear/no mud- 
diness/no 
phase separa- 
tion 


colorless 
clear/no mud- 
diness/no 
phase separa- 
tion 



30 



Table 4 





solid (%) 


amount of ingredients in composition (parts) 






Comparative 
Example 6 


Comparative 
Example 7 


Comparative 
Example 8 


Comparative 
Example 9 


A-1 


36 


50 


50 


50 


50 


A-2 


36 










B-1 


40 










B-2 


40 






24 


24 


B-3 


40 








B-4 


40 


- 








comparative B-1 


| 40 


24 








comparative B-2 


40 




24 






C-1 


100 


9.5 


9.6 






C-2 


i 100 


2.4 


2.4 






C-3 


j 100 






i 

i 


C-4 


j ioo 






! 


comparative C- 1 


\ 100 


- 




| 9.6 | 


comparative C-2 


; ioo 


• 


i 

- 


j 44 


D-1 


: so 


! 50 


| .50 


| 50 


| 50 
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Table 4 (continued) 





solid (%) 


amount of ingredients in composition (parts) 






Comparative 
Example 6 


Comparative 
Example 7 


Comparative 
Example 3 


Comparative 
Example 9 


D-2 


40 










E 


100 


2 


2 


2 


4 


pigment 


100 










appearance of 
composition 




muddy 


colorless clear/no 

muddiness/no 
phase separation 


colorless clear/no 

muddiness/no 
phase separation 


gelation 
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Table 6 





Example 20 


Example 21 


Example 22 


Example 23 


Example 24 


substrate 


aluminum 
plate 


aluminum 
plate 


aluminum 
plate 


aluminum 
plate 


aluminum 
plate 


resinous composition for coating 


P varTinlo & 
CAdl 1 I|J1 c O 


CAdlllfJIti J 


example iu 


example i i 


Example 12 


primer 


non 


non 


non 


non 


non 


adhesion 


10 ^im 


mn/1 nn 


nn 

-30/ I uu 


az.1 \ nn 
*4-0/ 1 UU 


1 nn/i nn 
I UU/ I uu 


1 nn /i nn 
IUU7 1UU 


50 jim 


mn/mn 
I Uu/ I uu 


yo/ 1 uu 




1 no/1 nn 
tUUY 1 UU 


1 nn /1 nn 


pencil hardness 


10 *im 


WR 

nu 


r 




ou 
tn 


on 


50 urn 


HB 


HB 


1H 


1H 


3H 


boiling water 
resistance 


10 um 


good 


good 


good 


good 


good 


50 urn 


good 


good 


good 


good 


good 


solvent resist- 
ance 


10 jam 


good 


good 


good 


good 


good 


50 |im 


good 


good 


good 


good 


good 


release resist- 
ance of foul 
(gf/50mm) 


10 urn 


before 5.8 


before 7.0 


before 3.8 


before 2.5 


before 2.1 


after 6.3 


after 10.5 


after 4.5 


after 3.1 


after 2.4 


weatherability 


10 um 


good 


good 


good 


good 


good 


50 urn 


good 


good 


good 


good 


good 
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Table 3 





1 \\JCLl Ct si VC ^ACtl HfJIC 1 f 


substrate 


alt imitii im kAzi\ a 
aiui mi iui 1 1 fjictie 


resinous composition for coating 


UUII tfjdl ClU VC t-ACllHfJlw O 


primer 


1 l\Ji 1 


adhesion 


10 iirrt 


i nn/mo 


ou jirn 


i nn/mn 


pencil hardness 


1 0 jim 




50 urn 


1 W 
i n 


boiling water resistance 


1 0 ,um 


good 


50 urn 


good' 


solvent resistance 


1 0 urn 


good 


50 .urn 


good 


release resistance of foul (gf/50mm) 


1 0 urn 


before 3.8 


after 240 


weatherability 


1 0 urn 


good 


50 jim 


good 
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Table 1 1 





Comparative Example 24 


Comparative Example 25 


substrate 


slate plate 


slate plate 


resinous composition for coating 


Comparative Example 7 


Comparative Example 7 


primer 


non 


yes 


adhesion 


10 um 


30/100 


100/100 


50 urn 


10/100 


1 00/1 00 


boiling water resistance 


10 urn 


peeling 


good 


50 um 


peeling 


good 


solvent resistance 


10 Mm 


good 


good 


50 um 


good 


good 


release resistance of foul (gf/50mm) 


10 um 


before 5.2 


before 4.8 


after - 


after 6.4 



The resinous composition for foul releasing coat of the present invention can form a cured coating film having a high 
hardness and a high weatherability and excellent solvent resistance, boiling water resistance and the like, on the sur- 

25 face of various substrates both inorganic or organic. This cured coating film is excellent in adhesion to inorganic or 
organic various substrates even if no primer is used. This cured coating film does not easily cause cracking when the 
thickness thereof is not more than the maximum value of about 50 um (excellent in cracking resistance), has wide 
adaptability against the unevenness of the substrate, and can cope with the change in dimension of the substrate influ- 
enced by temperature or humidity, since it does not have too high a hardness and excellent toughness (flexibility). Fur- 

30 ther, the hardness of this cured coating film is not too low. 

The cured coating film obtained from the resinous composition for foul releasing coat of the present invention has 
effect to lower adhesion of stain or the like to the surface thereof, since it has surface water repelling property. There- 
fore, the surface thereof is difficultly fouled with stain and the like, and even if the surface is fouled, it can be easily 
released. This cured coating film has washing resistance that the surface is difficultly scratched when stain or the like 

35 is removed from the surface, since it has appropriately high surface hardness. 

The resinous composition for foul releasing coat of the present invention can be used in wide dry curing condition 
range or temperature range, since curing by heat acceleration at a low temperature less than 100°C or curing at room 
temperature is possible. Therefore, even when the coating is applied to a substrate having a shape where uniform heat- 
ing is difficult, a substrate having large scale or a substrate inferior in heat resistance, or even when heating is difficult 

40 such as coating work outdoors, coating is possible. Thus the resinous composition of the present invention is valuable 
in industrial use. 

The resinous composition of the present invention can be optionally colored by adding a pigment, since it can be 
used as a vehicle when a paint is going to be prepared by addition of a pigment. 

The coated article of the present invention has high surface hardness and high weatherability and excellent solvent 
45 resistance, boiling water resistance and the like, since the cured coating film composed of the above-mentioned resin- 
ous composition for foul releasing coat is coated thereon. The above-mentioned cured coating film is excellent in adhe- 
sion to inorganic and organic various substrates, even if no primer is used. The above-mentioned cured coating film is 
not easily cracked at a thickness of about 50 um or less (excellent in cracking resistance), has wide adaptability to the 
unevenness of the substrate, and can cope with the change in dimension of the substrate influenced by temperature or 
so humidity, since it does not have too high a hardness and excellent toughness (flexibility). Further, tie hardness of this 
cured coating film is not too low. 

The above-mentioned cured coating film composed of the resinous composition for foul releasing coat on the 
coated article of the present invention is not easily fouled with stain or the like on the surface thereof, since it has surface 
water repelling property. Therefore, in the coated article of the present invention, the surface thereof is difficultly fouled 
55 with stain and the like, and even if the surface is fouled, it can be easily released. Further, this cured coating film has 
washing resistance so that the surface is difficultly scratched when the foul is released from the surface because of its 
appropriately high surface hardness. 

The coated article of the present invention can be produced in a wide dry curing condition range or temperature 
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range, since it can be produced using the above-mentioned resinous composition for foul releasing coat which can be 
cured by heat acceleration at a temperature lower than 100"C or can be cured at room temperature. Therefore, since 
there can be used a substrate having a shape where uniform heating is difficult, a large substrate or a substrate of low 
heat resistance, and since it can be produced in working site where heating is difficult such as outdoors, the industrial 
5 value of the coated article of the present invention is high. 

The coated article of the present invention has a high designing ability and a wide range of uses, since it can be 
produced by using the resinous composition for foul releasing coat of the present invention which can be optionally 
colored by adding a pigment because it can be used as a vehicle when a paint is going to be prepared by addition of 
pigments. 

io 

Claims 

1. A resinous composition for foul releasing coat comprising the following components (A), (B), (C), (D) and (E): 

75 component (A): 

a silica-dispersed oligomer solution of an organosilane obtained by partial hydrolysis of a hydroiyzable 
organosilane represented by formula (I): 

20 R'mSiX^m (I) 

wherein, R 1 is the same or a different substituted or unsubstituted monovalent hydrocarbon group having 
1 to 8 carbon atoms, m is an integer from 0 to 3, and X is a hydroiyzable group, 

in a colloidal silica dispersed in an organic solvent, water or mixture solvent thereof in the presence of 
25 water, 

component (B): 

an acrylic resin which is a copolymer of 
30 the first, the second and the third (meth)acryiate represented by formula (II): 

CH 2 =CR 2 (COOR 3 ) (II) 

wherein in the first (meth)acrylate; R 2 is a hydrogen atom and/or methyl group, and R 3 is a substituted or 
35 unsubstituted monovalent hydrocarbon group having 1 to 9 carbon atoms; 

in the second (meth)acrylate, R 2 is as defined above, and R 3 is at least one group selected from the group 
consisting of an epoxy group, glycidyl group and a hydrocarbon group containing at least one of an epoxy 
group and glycidyl group; and 

in the third (meth)acrylate. R 2 is as defined above, and R 3 is a hydrocarbon group containing an alkoxy silyl 
40 group and/or silyl halide group; 

component (C): 

a linear polysitoxane did represented by formula (III): 

45 

HC{R 4 2 3iC) n H (ill) 

wherein R 4 is the same or different monovalent hydrocarbon group and n is an integer of not less than 3, 

50 component (D): 

a pclyorganosiloxane containing a silancl group in the molecule represented by formula (IV): 

R 5 a 3i(OH) b O {4 . a . b) ^ (IV) 

wherein R 5 is the same or different substituted or unsubstituted monovalent hydrocarbon group having 1 
io 3 carbon atoms, and a and b are a number which respectively suffices 0.2 < a < 2, 0.0001 < b < 3 and 
a+b < 4 . and 
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component (E): 
a curing catalyst 

5 2. The resinous composition for foul releasing coat according to claim 1, wherein said component (B) has a weight- 
average molecular weight from 1000 to 50000 in terms of a polystyrene according to gel permeation chromatogra- 
phy. 

3. The resinous composition for foul releasing coat according to claim 1 or 2, wherein the amount of the component 
io (B) is from 0. 1 to 1 00 parts by weight based on 1 00 parts by weight of the total amount of said components (A) and 

(D) in solid. 

4. The resinous composition for foul releasing coat according to any one of claims 1 to 3. wherein n in formula (III) is 
in the range of 10<n< 100. 

75 

5. The resinous composition for foul releasing coat according to any one of claims 1 to 4, wherein the amount of said 
component (C) is from 0.1 to 100 parts by weight based on 100 parts by weight of the total amount of the compo- 
nents (A) and (D) in solid. 

20 6. The resinous composition for foul releasing coat according to any one of claims 1 to 5, wherein the amount of the 
colloidal silica is from 5 to 95 parts by weight as a silica based on 100 parts by weight in terms of silica calculated 
from the amount of hydrolyzable organosilane for formula (I). 

7. The resinous composition for foul releasing coat according to any one of claims 1 to 6, wherein the amount of com- 
25 ponent (A) is 1 to 99 parts by weight based on 1 00 parts by weight of the total amount of the components (A) and 

(B) in solid. 

8. The resinous composition for foul releasing coat according to any one of claims 1 to 7, wherein the amount of col- 
loidal silica in the resinous composition is 1 to 40% by weight based on the total solid of the resinous composition. 

30 

9. A coated article having a cured coating film composed of the resinous composition for foul releasing coat of any 
one of claims 1 to 8 on a surface of a substrate. 

10. A coated article according to claim 9, wherein said substrate is selected from the group consisting of an inorganic 
35 substrate, organic substrate and organic coated substrate having an organic coating film on the surface of either 

inorganic substrate or organic substrate. 

11. A method of prevention of foul on substrates, which comprises coating a resinous composition for foul releasing 
coat of claims 1 to 3. 

40 
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